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(54) MOLECULAR BEAM EPITAXY APPARATUS 

(57)Abstract: 

PURPOSE: To generate high-density plasma in a high-vacuum state and 
grow a high-quality crystal by using a specific plasma excitation cell as an 
excitation cell device for supplying nitrogen at the time of growing the 
gallium nitride compd. semiconductor epitaxial crystal. 
CONSTITUTION: The following means are used for the molecular beam 
epitaxy apparatus for growing the gallium nitride compd. semiconductor 
epitaxial crystal by supplying gallium elements (Ga, Al, In, etc.), nitrogen and 
dopant (p type or n type) to the surface of a substrate B: The plasma 
excitation cell having a blind cylindrical casing 12 which opens to a crystal 
growth chamber 1 side and has a supply port 1 3 for gaseous nitrogen, a 
magnet 17 which is disposed in the bottom of this casing 12 and a high- 
frequency coil 19 which is disposed on the outer periphery of the casing 12 
is used as the excitation cell device 1 1 for supplying the nitrogen. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is molecular beam epitaxy equipment for supplying a gallium system element, nitrogen, and a dopant, and 
growing up a gallium nitride (GaN) system compound semiconductor epitaxial crystal on the surface of a substrate. 
Casing of the shape of a cylinder like object with base which possesses the feed hopper of nitrogen gas while the 
excitation eel equipment which supplies said nitrogen carries out opening to a crystal growth room side, Molecular 
beam epitaxy equipment characterized by consisting of a plasma excitation eel which has the magnet formed in the pars 
basilaris ossis occipitalis of this casing, and the high frequency coil arranged in the periphery of said casing. 
[Claim 2] Said gallium system element consists of one sort or two sorts or more of elements chosen from from among a 
gallium (Ga), aluminum (aluminum), and an indium (In). Said dopant The magnesium as a p mold dopant (Mg), Zinc 
(Zn), cadmium (Cd), or the mercury (Hg) Or silicon (Si) as an n mold dopant, germanium (germanium), It consists of 
carbon (C), tin (Sn), a selenium (Se), or the telluriums (Te). Molecular beam epitaxy equipment according to claim 1 
characterized by said substrate consisting of sapphire, silicon (Si), gallium arsenide (GaAs), a zinc oxide (ZnO), silicon 
carbide (SiC), or the magnesium oxides (MgO). 



[Translation done.] 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the molecular beam epitaxy equipment which has the description to the 
excitation eel equipment of nitrogen especially about the molecular beam epitaxy equipment for supplying a gallium 
system element, nitrogen, and a dopant on the surface of a substrate, and growing up a gallium nitride (GaN) system 
compound semiconductor epitaxial crystal. 
[0002] 

[Description of the Prior Art] the gallium nitride system compound is well known as blue and a purple light emitting 
device (light emitting diode (LED) and semiconductor laser (LD)) ingredient, and, generally an organic metal chemical- 
vapor-deposition method (a following and book specification ~ MOCVD - it is described as law) and a molecular beam 
epitaxy method (a following and book specification - MBE - it is described as law) are used as the thin film crystal 
growth approach. Although electric conduction control (p mold - n mold) of a thin film was indispensable when 
manufacturing an efficient light emitting device, it was difficult to obtain quality p mold crystal by low resistance with 
the conventional gallium nitride system compound. 

[0003] then, MOCVD -- after adding magnesium (Mg) as a p mold impurity and growing up a thin film as the 
manufacture approach of p mold crystal by law, the technique which irradiates an electron ray is announced (application 
physics --) Even a depth of 0.3 micrometers - 0.5 micrometers was a limit, and the effectiveness of electron beam 
irradiation had the February, 1991 issue, the 60th volume, and pi 63 reference more difficult for obtaining p type layer 
of a thick film than the surface, moreover, MOCVD - the growth pressure in law - general - several ~ it was torr - 
atmospheric pressure, and since it was impossible, irradiating an electron ray during growth needed to interrupt growth, 
it needed to irradiate the electron ray in another room, and had the problem from which a membrane formation process 
becomes complicated. 

[0004] Moreover, the manufacture approach of gallium nitride system blue LED excellent in the luminous efficiency by 
the MOCVD method is indicated by JP,5-63236,A. This improves the crystallinity of the p mold GaAIN used as a 
luminous layer by considering as the structure which carried out the laminating of a GaAIN buffer layer, the GaAIN 
layer which doped p mold impurity, and the GaAIN layer which doped n mold impurity one by one on the substrate. As 
for the thickness from which the above-mentioned electron ray effectiveness is acquired, 0.5 micrometers is considered 
to be a limitation, although it is desirable to thicken p type layer in order to raise luminous efficiency by this approach. 
Moreover, in order that the electron ray effectiveness might not reach to p type layer, the substrate was once taken out 
from the deposition chamber after forming a buffer layer and p type layer, electron beam irradiation was performed after 
that, it needed to return to the deposition chamber again, n type layer needed to be grown up, and there was a problem 
from which a membrane formation process becomes the same complicated in the above after n mold regular placing 
layer. Moreover, when growing up the epitaxial crystal which is generally a gallium nitride system compound by the 
MOCVD method, growth temperature exceeds 1000 degrees C for the ammonia (NH3) pyrolysis used as a nitrogen raw 
material. For this reason, fear of crystalline degradation by the nitrogen omission from a growth front face, and in order 
to prevent this, a lot of NH3 is needed and large-scale equipment is needed. 

[0005] as the approach of on the other hand decomposing NH3 efficiently at low temperature - the ECR excitation 
MOCVD - a report that law was tried and the single crystal was obtained at 550 degrees — it is (a vacuum, 1987, No. 3, 
the 30th volume, pi 16) » since a substrate side is put to a direct plasma ambient atmosphere, there is a possibility that a 
damage may go into a crystal front face. 

[0006] In addition, as a nitrogen raw material in the MOCVD method, although NH3 is an ingredient which is the 
easiest to use industrially from the purity, safety, and a price side, it is easy to be incorporated in the form of N-H in the 
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crystal film. The hydrogen passivation effectiveness at the time of the hydrogen incorporated during the crystal 
inactivating DOBANTO electrically, for example, using NH3 for the nitrogen doping raw material aiming at p mold 
ZnSe crystal growth is known well (the 12th mixed-crystal electronics symposium collected works pi 29). 
[0007] therefore, MOCVD - although law has a general advantage of several multi-sheet growth to a large area 
substrate, in case it grows up the epitaxial crystal of a gallium nitride system compound, in order to obtain p mold 
crystal, by using the point that a process becomes complicated, and NH3, equipment enlarges it and it has the problem 
on which a crystal further becomes easy to deteriorate. 

[0008] On the other hand, the epitaxial crystal growth of the gallium nitride system compound by the MBE method is 
also tried, and the crystal growth in low temperature is more possible than MOCVD. It is common in that case to use the 
nitrogen activated by the plasma cell as a nitrogen source. 

[0009] For example, the GaN thin film growth using the nitrogen beam activated by 2.45GHz microwave plasma 
discharge is reported to J.Vac.Sci.Technol. and A7 p701 (1989). In order to cause plasma discharge generally, there is a 
suitable pressure range (10-ltorr - 10-3torr), if it separates from this range, it is stabilized and discharge cannot be 
maintained. Therefore, rate-limiting [ of the growth indoor degree of vacuum of the MBE equipment in crystal growth ] 
is carried out on plasma stability discharge conditions, it is 5xl0-5torr - 5xl0-6torr also in said paper, and this is a 
degree of vacuum lower a figure single [ about ] than it at the time of the usual MBE growth. MBE ~ although the spot 
(inch-situ) observation under growth by the electron ray (for example, electron diffraction (RHEED), LEED, Auger 
electron spectroscopy (AES)) is mentioned to one of the advantages of law, since the degree of vacuum of 10 to 7 or 
more torrs is desirable as operational stability conditions for an electron gun, use of the electron ray in the above- 
mentioned pressure range is difficult. 

[0010] Moreover, the GaN growth using the nitrogen beam activated by the plasma discharge by ECR excitation is 
reported to J.Vac.Sci.Technol. and B8 p316 (1990). Although the plasma of high density can be generated as compared 
with excitation of only microwave, since it is not not only improved about the degree of vacuum under membrane 
formation (it is lxl0-4torr - lxl0-5torr according to the paper), but equipment became expensive since a microwave 
oscillation machine and a waveguide are needed and the equipment near the deposition chamber increased in number, 
equipment maintenance nature also had the problem referred to as worsening. 

[001 1] On the other hand, besides the above-mentioned source of excitation, the plasma cell by the 13.5MHz RF can 
also be applied, and the example is indicated by JP,5-74710,A. According to this, as compared with the case where 
microwave is used, it is inferior in respect of a plasma consistency, but it is comparatively cheap, and since the plasma 
cell configuration is marketed as a compact source of excitation (for example, Oxford Applied Research MPD21 grade), 
it is easy to use. although according to this official report growth by 2xl0-6torr is indicated and it is improved in respect 
of [ example / which is the above-mentioned two ] the degree of vacuum - MBE - as law ~ actual -- enough - **** ~ 
it cannot say. 

[0012] A plasma cell consists of the orifice, the source of plasma excitation, and the gas supply section for pulling out a 
discharge room and the nitrogen activated by plasma discharge of the discharge interior of a room to an MBE deposition 
chamber generally, and maintaining the differential pressure between a deposition chamber and a discharge room. 
Moreover, in order to supply the amount of active nitrogen required in order to grow up the epitaxial crystal of a gallium 
nitride system compound to a substrate side, it is necessary to adjust a quantity of gas flow, the diameter of orifice 
opening, and pump exhaust velocity, and to control discharge power to secure the pressure of lxlO-ltorr - lxl0-3torr 
extent in the discharge interior of a room, and to be able to maintain the degree of vacuum of 5x10 to 5 or more torrs 
also at the lowest by the crystal growth room side. 

[0013] Here, if discharge power is raised too much in order to make [ many ] the above-mentioned amount of active 
nitrogen, we will be anxious about the discharge room destruction by contamination generating by generation of heat, 
generation of heat, and abnormality discharge breaking out. Moreover, if the diameter of orifice opening is enlarged, 
since the differential pressure of a discharge room and a crystal growth room is unmaintainable, it is necessary to make 
the diameter of opening small but, and in order to secure the amount of active nitrogen required for growth on a 
substrate front face in that case (nitrogen number which reaches per unit area), the distance of an excitation eel and a 
substrate must be brought close. However, in order to make homogeneity carry out crystal growth of the area which can 
form membranes to the substrate of realistic magnitude from becoming small (for the distance of the eel for growing up 
a crystal for example, into a 3 inch substrate at homogeneity and a substrate to be at least 20cm or more), it needs the 
distance between some extent both, so that the distance of a eel and a substrate becomes near. For example, the epitaxial 
crystal growth of GaN which set the degree of vacuum of a crystal growth room to 2xl0-6torr, and set [ the quantity of 
gas flow ] 5cm and a RF output to 300W for the distance of 5 cc/min, a substrate, and the orifice of a eel is indicated by 
JP,5-74710,A. Generally the pressure P of the growth interior of a room (torr) and the relation between the exhaust 
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velocity S in port opening of a crystal growth room (1/sec) and the amount Q of distributed gas to the growth interior of 
a room (cc/min) are P=0.0127xQ/S. The exhaust velocity S which satisfies the above-mentioned conditions by this is 
imagined to be 31750 1/sec. Moreover, the substrate size which can form membranes from the distance of a substrate 
and a eel is considered to be about 1 inch at the maximum. Furthermore, since a plasma discharge part is close to a 
substrate front face, fluctuation is produced in electron ray advance irradiated by the substrate side, and RHEED 
observation and good growth surface electron ray scanning of a controllability are difficult, and it cannot be said that it 
is not much realistic. 
[0014] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the trouble of the conventional technique 
which was described above. The main purpose In order to grow up the epitaxial crystal of a gallium nitride system 
compound, the plasma of high density can be generated in the state of a high vacuum (1x10 to 7 or more torrs). Namely, 
enlarge orifice opening, detach this orifice opening and a substrate, and the epitaxial crystal growth to a large area 
substrate is possible. And an improvement of the spot (inch-situ) observation by the electron beam irradiation in crystal 
growth, and the quality similarly according to electron beam irradiation and an electrical property is easy, and it is in 
offering molecular beam epitaxy equipment still simpler [ an equipment configuration ] and cheap. 
[0015] 

[Means for Solving the Problem] The purpose mentioned above is molecular beam epitaxy equipment for according to 
this invention, supplying a gallium system element, nitrogen, and a dopant, and growing up a gallium nitride (GaN) 
system compound semiconductor epitaxial crystal on the surface of a substrate. Casing of the shape of a cylinder like 
object with base which possesses the feed hopper of nitrogen gas while the excitation eel equipment which supplies said 
nitrogen carries out opening to a crystal growth room side, It is attained by offering the molecular beam epitaxy 
equipment characterized by consisting of a plasma excitation eel (it being described as the Helicon plasma cell below) 
which has the magnet formed in the pars basilaris ossis occipitalis of this casing, and the high frequency coil arranged in 
the periphery of said casing. 
[0016] 

[Function] If it does in this way, even if it is in a low-pressure (10-7 - 10-9torr extent) condition, plasma 
electroluminescence reinforcement higher about single figure than rf plasma excitation eel will be obtained by low RF 
power (5W-300W) by the Helicon plasma excitation cel. Moreover, the amount of nitrogen content child beams which 
does not contribute to crystal growth becomes less, the migration in respect of growth is promoted, heating of the eel 
circumference is controlled further, and generating of the pollutant from a discharge indoor wall etc. is controlled. The 
graph which measured the plasma electroluminescence reinforcement to RF power with dr aw ing 3 in the Helicon 
plasma excitation eel and rf plasma excitation eel which made other conditions the same for the nitrogen quantity of gas 
flow as 0.1 cc/min and a spectrum location of 763nm is shown. 
[0017] 

[Example] Hereafter, the suitable example of this invention is explained according to an attached drawing. 
[0018] Drawin g 1 is the typical sectional view showing the outline configuration of the molecular beam epitaxy 
equipment (MBE equipment) with which this invention was applied. This example is MBE equipment for growing up 
the epitaxial crystal of the gallium nitride (GaN) to a silicon-on-sapphire top, introducing magnesium (Mg) as a dopant, 
and obtaining p mold crystal. 

[0019] The 3 inches substrate B is held so that a processing front face may come downward with a holder 3 in the 10 
crystal growth room 1 which can maintain the high vacuum of -7 - 10-9torr extent by the ultra-high-vacuum exhauster 2 
which consists of a turbo molecular pump which has the exhaust air capacity of 1500 1/min. The heater 5 for substrate 
heating is formed in the bottom in the end face side of this holder 3, i.e., drawing. Moreover, the disc-like Maine shutter 
6 is supported in the location which starts membrane formation of Substrate B, i.e., the location which does not cover 
the processing front face of Substrate B, and the location which stops membrane formation, i.e., the processing front 
face of Substrate B, free [ rotation ] between wrap locations, and may have comes to start / stop membrane formation 
alternatively by rotating the driving shaft 6a from the outside. 

[0020] Two Knudsen cells (on these specifications, it is hereafter written as K eel) 7 and 8 which carry out opening 
towards Substrate B are formed in the substrate B in the lower part of the crystal growth room 1, and the location which 
counters in general. These K eels 7 and 8 have the heaters 7b and 8b for heating the crucibles 7a and 8a which carry out 
opening towards Substrate B, and these crucibles 7a and 8a. To opening of K eels 7 and 8 each, the above-mentioned 
Maine shutter 6 and the same disc-like shutters 9 and 10 opening of K eels 7 and 8 each Moreover, a wrap location, It is 
supported free [ rotation ] between the locations which do not cover opening, and irradiates towards Substrate B by 
using as a molecule beam the raw material alternatively received in each crucible 7a and 8a by rotating the driving 
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shafts 9a and 10a from the outside. 

[0021] On the other hand, the excitation eel equipment 1 1 of the nitrogen plasma is formed in the substrate B in the 
lower part of the crystal growth room 1, and the location which counters in general independently [ K eels 7 and 8 
each ]. So that it may be well shown in drawing 2 this excitation eel equipment 1 1 The casing 12 of the shape of a 
cylinder like object with base which consists of a high grade ceramic which carries out opening to the crystal growth 
room 1 side, and **** a discharge room inside, The feed hopper 13 of the nitrogen gas which carried out opening to the 
pars basilaris ossis occipitalis of this casing 12, and was connected to the nitrogen gas cylinder 1 8 through the duct 14, 
the flow rate control device 15, and the pressure reducing pressure control valve 16, It is arranged in the tubed magnet 
17 formed in the pars basilaris ossis occipitalis of casing 12, and the periphery of casing 12 so that the enclosure of the 
duct 14 may be carried out, and it consists of a plasma excitation eel possessing the high frequency coil 19 connected to 
the RF generator 20. Orifice 12a which extracts this to opening of casing 12 is prepared. Moreover, the same shutter 1 la 
as the above-mentioned shutter is prepared in opening of casing 12. 

[0022] In addition, the flux monitor 21 which consists of a well-known B-A mold ionization vacuum gage can be 
formed in the proper location in the crystal growth room 1, and the reinforcement of each molecule beam can be 
measured now. Moreover, an electron gun 29 can be formed in another proper location in the crystal growth room 1, and 
the whole surface of Substrate B can be scanned now. Moreover, it irradiates towards Substrate B from an electron gun 
29, and is prepared in the location where the RHEED screen 30 for observing the crystal growth condition of a substrate 
in response to the electron beam reflected by this substrate disagrees with an electron gun 29 on both sides of Substrate 
B. 

[0023] The actuation point of this example is explained below. First, magnesium (Mg) is received to crucible 7a at 
gallium (Ga) and crucible 8a, and the substrate B which etched and washed the front face is held downward to a holder 
3. At this time, opening of the casing 12 of excitation eel equipment 1 1 and the distance with Substrate B are 20cm. 
Moreover, vacuum suction of the inside of the crystal growth room 1 is carried out with the ultra-high- vacuum 
exhauster 2, and the high vacuum of 10-7-1 0-9torr extent is maintained. 

[0024] Next, Substrate B is heated at about 900 degrees C, and thermal cleaning is carried out. At this time, if thermal 
cleaning is carried out irradiating the active nitrogen at Substrate B, the quality of the crystal grown up behind will 
improve. At this time, an electron beam is irradiated towards Substrate B from an electron gun 29, the appearance of the 
pattern of the RHEED screen 30, i.e., the front face of Substrate B, is observed, and the temperature of Substrate B is 
lowered to crystal growth temperature (about 600 degrees C) noting that the front face of Substrate B will be defecated, 
if it becomes streak-like. On the other hand, 950 degrees C and magnesium are heated for a gallium to 280 degrees C, 
with each shutters 9, 1 0, and 1 1 a closed. 

[0025] And after checking that each shutters 9 and 10 were opened and closed in order, and the molecule beam of a 
gallium and magnesium has been stabilized with the flux monitor 21 after predetermined time progress, a RF is 
generated with excitation eel equipment 1 1 (150W), and nitrogen gas is supplied to the discharge room ****(ed) in 
casing 12 by the flow rate of 0.01 cc/min. The atmospheric pressure in excitation eel equipment 1 1 serves as 8.5x10- 
8torr. Here, the nitrogen plasma of high density occurs by the interaction of a magnetic field and a high frequency coil 
19 with a magnet 17. Then, if the nitrogen plasma is stabilized, opening Shutters 9, 10, and 11a, opening a shutter 6 
finally, and growing up the epitaxial crystal of gallium nitride into the front face of Substrate B, magnesium can be 
introduced as a dopant into it and p mold crystal can be obtained. At this time, it irradiates all over the, scanning 
Substrate B for an electron ray with an electron gun 29 using acceleration voltage as 15kV at coincidence. 
[0026] Thus, the carrier concentration of lxl019cm-3 was obtained as formed p mold crystal, and the dispersion was 
5% in the 3 inch substrate. 

[0027] Here, if RF power is made into less than [ 5W ], discharge will not take place, but if 300W are exceeded, during 
a crystal, a nitrogen atom will enter too much and the quality of a crystal will deteriorate. Moreover, if it becomes 
difficult to maintain discharge if a nitrogen quantity of gas flow is made into less than 0.01 cc/min and it exceeds 0.5 
cc/min, a fear of separating from the flow and pressure requirement in the crystal growth of MBE equipment will arise. 
[0028] In addition, if the flux monitor 21 or the RHEED screen 30 is always supervised in this example and the 
temperature, the nitrogen quantity of gas flow, and high frequency PAWA ** of Heaters 7b and 8b of K eels 7 and 8 
each are controlled according to the value, the feedback control of each beam can be carried out in in-situ, and the 
quality of a crystal can be improved. 

[0029] moreover - although the gallium (Ga) was used as a crystal growth raw material in this example — one sort in a 
gallium (Ga), aluminum (aluminum), and an indium (In) ~ or two or more sorts may be used alternatively. Moreover, 
although magnesium (Mg) was used as a p mold dopant in this example, if zinc (Zn), cadmium (Cd), or mercury (Hg) 
may be used and the silicon (Si), the germanium (germanium), the carbon (C), the tin (Sn), selenium (Se), or tellurium 
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(Te) as an n mold dopant is used further, n mold crystal of high quality will be obtained like the above. Furthermore, 
although sapphire was used for the substrate in this example You may be silicon (Si), gallium arsenide (GaAs), a zinc 
oxide (ZnO), silicon carbide (SiC), or a magnesium oxide (MgO). Between a substrate and a gallium nitride layer, as a 
buffer layer Amorphous-like alumimium nitride (A1N) and gallium nitride (GaN), The alumimium nitride (A1N) of a 
short crystal, gallium nitride (GaN), a silicon carbide (SiC) zinc oxide (ZnO), or a magnesium oxide (MgO) may be 
prepared. 

[Effect of the Invention] In order to grow up a gallium nitride system compound semiconductor epitaxial crystal by the 
above explanation according to the molecular beam epitaxy equipment by this invention so that clearly A magnet is 
formed in the pars basilaris ossis occipitalis of cylinder-like-object-with-base-like casing which has the feed hopper of 
nitrogen gas while carrying out opening to a crystal growth room side in order to supply the active nitrogen. 
Furthermore, by using the excitation eel equipment which consists of a plasma excitation eel which arranged the high 
frequency coil in the periphery of casing From high plasma electroluminescence reinforcement being obtained by low 
RF power (5W-300W), even if it is in a low-pressure (10-7 - 10-9torr extent) condition While being able to excite 
nitrogen gas easily, the amount of nitrogen content child beams which does not contribute to crystal growth becomes 
less, the migration in respect of growth is promoted, and generating of the pollutant from a discharge indoor wall etc. is 
controlled further. Moreover, since there is almost no pressure fluctuation of the crystal growth interior of a room at the 
time of generating the plasma, the molecule beam of a growth raw material is stabilized. The quality of a nitriding 
gallium compound semi-conductor epitaxial crystal can be improved only by adding the easy structure for conventional 
molecular beam epitaxy equipment from the above thing. 
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